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radiographic grading sub scores and kinematic parameters. Correlations
with the frontal plane kinematics showed to be the strongest, with R
values going from 0.641 to 0.724. Furthermore, joint space demon-
strated to be strongly correlated with frontal plane kinematics based on
the high weight of this x-ray sub-score in the MLR. Results in the
transverse and sagittal planes showed negative correlations ranging
from -0.440 to -0.497. Results show that FO is the sub-score that is the
most strongly correlated (in this case negative correlation) with kine-
matic parameters in the transverse plane.
A residues analysis was also conducted to conﬁrm a random dis-
tribution of the residues around zero (ﬁgure 1). The absence of error
patterns means that the choice of a linear regression ﬁts well the
relationship between the kinematic parameters and radiographic sub
scores.
Conclusions: The frontal plane presented the strongest correlation
between the x-ray grading scale and the knee kinematic parameters.
This analysis showed that the higher the x-ray sub scores are, meaning a
more advanced state of the disease, the higher the varus angle
parameters during gait are. This strengthens the link between a
dynamic varus alignment and medial TF compartment OA progression.
Interestingly, joint space showed a strong inﬂuence on the correlations
with kinematic parameters in frontal plane.
The transverse and sagittal plane both showed a negative correlation,
meaning that the higher the x-ray sub scores are, the lower the kine-
matic parameters will be. In the sagittal plane this translate to a more
ﬁxed ﬂexion adaptation strategy to protect the knee and in the trans-
verse plan to a more internally rotated tibia. An offset towards internal
rotation was previously linked to faster progression of OA which could
also support the link with higher FO score.
Further investigations, with a larger and more homogeneous sample
group should lead to stronger correlations and should better deﬁne the
relationships between the knee 3D kinematic parameters and radio-
graphic grading system. This study supports the involvement of
dynamic biomechanical factors in the progression of the disease.
Results give new insights to develop personalized treatment plan based
on kinematic parameters and x-ray OA grading scales to potentially
limit the progression of the disease.Plane Kinematic Parameter Radiographic Scorn (Estimate Coefﬁcient) R^2 R p-value
Abduction Adduction (frontal) Mean 0-10% of GC FA_TA (-0.212) JS (1.608) FO (0.971) TE (2.139) 0.383 0.619 0.005
Mean 10- 30% of GC FA_TA (-0.357) JS (1.663) FO (0.808) TE (1.406) 0.412 0.641 0.002
Mean 30- 50% of GC FA_TA (-0.268) JS (1.808) FO (1.051) TE (0.865) 0.524 0.724 <0.001
Mean 50- 60% of GC FA_TA (-0.488) JS (2.596) FO (1.359) 0.478 0.691 <0.001
Mean 0-60% of GC FA_TA (-0.415) JS (2.921) 0.431 0.656 <0.001
Internal/External Rotation (transverse) Initial Angle FA_TA (0.370) FO (-2.087) TE (2.386) SU (-1.301) 0.247 -0.497 0.015
Mean 0-20% of GC FA_TA (0.235) FO (-2.262) TE (1.029) 0.230 -0.479 0.009
Mean 0-60% of GC FA_TA (0.208) FO (-1.825) TE (1.004) 0.194 -0.440 0.025
Flexion Extension (sagittal) ROM loading – Initial angle FO (-0.854) TE (-1.398) SU (-2.988) 0.219 -0.468 0.013
Note: The Estimate Coefﬁcient indicates by its sign if the correlation is positive or negative.152
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erably limit activities of daily living. To assess the severity and pro-
gression of PF OA, skyline view radiographs are typically used.
Radiographic grading scales have been developed to quantify the
degenerative changes. Functional outcome measures (i.e knee kine-
matics) are also recognized to be good indicators of knee OA impair-
ments. Few studies have been done in order to evaluate a link between
radiographic scores and joint function. The objective of this study is to
assess if PF knee OA grading scores are correlated with functional knee
kinematics parameters.
Methods: Twenty-three knees from 17 patients with a conﬁrmed
diagnosis of PF OA underwent a knee functional assessment (KneeKG,
Laval, Canada) measuring, in clinic, 3D knee kinematic during treadmill
gait. All patients had skyline view x-ray of their knees graded using
OAISYS radiographic scheme. OAISYS scale is composed of 4 sub scores
(JS (joint space), FO (femoral osteophytes), PE (patella erosion) and SU
(subluxation)) and one total score (TS). These sub scores are applied to
the most damaged knee compartment: medial or lateral. Knee kine-
matic parameters were evaluated in all three planes (sagittal, frontal,
transverse,) going from punctual angle values at speciﬁc times of the
gait cycle, ranges of motion (ROM), curve slopes and mean values for
speciﬁc phases of the GC.
Using SPSS Statistics software, Pearson’s Correlation Coefﬁcient was
ﬁrst evaluated between TS and each kinematic parameter to ﬁnd a
preliminary result of the correlations. Secondly, kinematic parameters
that showed correlation (p <0.05) were further investigated. A multiple
linear regression (MLR) was done for each of these parameters as
dependant variables and the sub scores (JS, FO, PE and SU) as inde-
pendent variables.
Results: Table 1 presents the correlation coefﬁcients between the
radiographic grading sub scores and kinematic parameters. Kinematic
parameters in the frontal plane showed the strongest correlations;
reaching for the lateral PF compartment (R ¼ 0.786) and for the medial
PF compartment (R ¼ -0.904). Transverse plane did not show any sig-
niﬁcant correlation.
Interestingly, ranges of motion parameters in frontal and sagittal plane
both showed strong inverse correlations with SU x-ray sub-score.
A residues analysis showed a random distribution of the residues
around zero (ﬁgure 1), conﬁrming that the choice of a linear regressionﬁts well the relationship between the kinematic parameters and
radiographic sub scores.
Conclusions: Radiographic grading sub scores JS and FO for the lateral PF
compartment showed a correlation with frontal plane curve’s slope after
the loading phase. More speciﬁcally, an increase of lateral compartment JS
and FO scores (i.e. a lesser joint space and more lateral femoral osteo-
phytes) is associated with an increase in varus knee alignment after
loading. Although we were expecting an increase in dynamic valgus
alignment, similar results were previously reported in the literature. Since
this kinematicparameter gives a slope rather thanapunctualvalue, results
cannot state if knees are in valgus or varus at the end of the loading phase.
For the medial PF compartment, the higher FO and SU scores are, the
lesser range of motion (ROM) is seen in the frontal plane during loading.
Similar results were found when combining knees with medial or lat-
eral PF compartment OA, a negative correlation was found between FO
and SU score with ROM between the swing phase and the terminal
stance phase, Both correlations characterize a stiffer knee during gait.
Those results strengthen the involvement of dynamic biomechanical
factors in the development of the disease. Results give insights to help
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disease.
Increasing the number of patients should help strengthen correlations
between radiographic grading scores and knee 3D kinematics. Never-
theless, this study is the ﬁrst to link PF radiological grading scores with
3D knee kinematics.Plane Compartment Kinematic parameter Radiographic Subscorcs
(Estimate Coefﬁcient)
R^2 R p-value
Abduction Adduction (frontal) Lateral Curve’s slope after loading JS(0.110) FO(0.040) 0.618 0.786 0.005
Medial Curve’s slope 0% to 10% of GC None - - -
ROM max (0,20)- min(0,20) FO(-0.862) SU(-1.295) 0.819 -0.904 0.014
Lateral & Medial - - - - -
Internal / External Rotation (transverse) Lateral - - - - -
Medial Angle at 10% of GC None - - -
Loading None - - -
Max 0-20% of GC None - - -
Min 0-20% of GC None - - -
Mean 0-20% of GC None - - -
Mean 0-60% of GC None - - -
Lateral & Medial - - - - -
Flexion Extension (sagittal) Lateral ROM max(60,100)- Min(30,60) None - - -
ROM total None - - -
Medial - - - - -
Lateral & Medial ROM max(60,100)- Min(30,60) FO(-5.55) SU(-4.23) 0.264 0.513 0.046
Note: The Estimate Coefﬁcient indicates by its sign if the correlation is positive or negative.
Table 1
Summary of regression analyses for each dependent variable
Analysis R Adjusted R2 R2 change F change p-value
BMI, sex, alignment
KOOS-pain 0.350 0.060 0.123 1.960 0.135
Stair Ascent NPRS 0.082 -0.064 0.007 0.094 0.963
Stair Descent NPRS 0.270 0.006 0.073 1.098 0.361
BMI, sex, alignment, pKAM
KOOS-pain 0.350 0.037 0.000 0.002 0.962
Stair Ascent NPRS 0.083 -0.090 0.000 0.012 0.913
Stair Descent NPRS 0.307 0.006 0.021 0.973 0.330153
DOES PEAK KNEE ADDUCTION MOMENT PREDICT CHANGE IN PAIN
ONE YEAR LATER IN KNEE OA?
N. Brisson, M.R. Maly. McMaster Univ., Hamilton, ON, Canada
Purpose: The peak knee adductionmoment (pKAM) is a reliable indicator
of the maximum load incurred by the medial knee during dynamic
weight-bearing activities. Although intervention studies have shown that
pain modulates the pKAM, cross-sectional studies have found little to no
association between pKAM and pain. These studies, however, only
examined the link between pKAM and pain at a speciﬁc moment in time.
We hypothesized that pKAMmay bemore sensitive to the change in pain
over time rather thanpain at a single timepoint. The purpose of this study
was to determine if baseline pKAMduring gait contributes to a predictive
model of change in knee pain 1 year later in individuals with knee OA.
Methods: This study was a secondary analysis of data obtained from an
ongoing longitudinal investigation of individuals with knee OA. Partic-
ipants (n ¼ 46) met the radiographic and symptomatic medial knee OA
criteria set by the American College of Rheumatology. Radiographs were
scored according to the Kellgren Lawrence grading system. Baseline gait
data were acquired using a motion capture system (Optotrak Certus, NDI,
Canada) and synchronized force plate (OR6-7, AMTI, USA) as participants
executed 5 successful barefoot walking trials at a self-selected pace. A
three-dimensional ﬂoating axis joint coordinate system and inverse
dynamics approach were applied to the data. External knee moment
waveforms were obtained and averaged for 5 gait cycles. The pKAM was
normalized to body mass (Nm/kg). Pain intensity was assessed at both
baseline and 1-year follow-up using 2 measures. Participants performed
stair ascent and descent performance tests (9 steps), afterwhich knee pain
intensity was quantiﬁed using the Numerical Pain Rating Scale (NPRS) to
provide an activity-speciﬁc score. In addition, the 9-item pain subscale of
the Knee Injury and Osteoarthritis Outcome Score (KOOS-pain) ques-
tionnaire was used as a measure of overall pain during activities of dailyliving. For the KOOS pain subscale (0-100), a lower score represented
severe/frequentpain,while for theNPRS (0-10), a higher score represented
severe pain. Pearson’s correlation coefﬁcients were used to examine the
bivariate relationships between dependent and independent variables. A
hierarchical multiple regression analysis was performed for each
dependent variable to determine towhich extent the variance inpain over1 year could be explained by the baseline pKAM. Change in KOOS-pain,
change in stair ascent NPRS and change in stair descent NPRS were the
dependent variables. The independent variables, sex, body mass index
(BMI), and kneemechanical alignment,were entered in theﬁrst step of the
regression model. The pKAMwas entered in the second step. Signiﬁcance
for all analyses was set to a ¼ 0.05.
Results: The sample (35women; 11men) had amean (SD) age of 61.6 (6.6)
years, BMI of 28.3 (5.8) kg/m2, knee alignment of 182.2 (3.9) degrees, and
baseline pKAM of 0.370 (0.164) Nm/kg. Baseline and 1 year follow-up pain
scores, respectively,were 76.7 (16.3) and 78.3 (16.8) for KOOS-pain,1.2 (1.5)
and 1.2 (1.8) for stair ascentNPRS, and 1.2 (1.7) and 1.0 (1.8) for stair descent
NPRS. Pearson’s correlation coefﬁcients were as follows: KOOS-pain cor-
related with sex (r ¼ -0.30, p ¼ 0.02), but not BMI (r ¼ -0.11, p ¼ 0.23),
alignment (r¼ 0.13, p¼ 0.19) or pKAM (r¼ -0.13, p¼ 0.20). Change in stair
ascentNPRSdidnot correlatewithBMI (r¼0.04,p¼0.39), sex (r¼-0.05, i¼
0.36), alignment (r¼ -0.07,p¼ 0.33) orpKAM(r¼ 0.02,p¼ 0.45). Change in
stair descent NPRS correlatedwith BMI (r¼ 0.25, p¼ 0.05), but not sex (r¼
-0.02, p¼ 0.46), alignment (r¼ -0.19, p¼ 0.11) or pKAM (r¼ 0.20, p¼ 0.09).
A summary of the linear regression analyses for each of the dependent
variables is presented inTable1. The inclusion of pKAMto themodels in the
second step of the analyses accounted for an additional 2% of the explained
variance in stair descent NPRS (p ¼ 0.33) and added no predictive value to
the variance in stair ascent NPRS (p ¼ 0.91) and KOOS-pain (p ¼ 0.96).
Conclusion: This studyaimed to determine if pKAMcouldpredict changes
in knee pain over 1 year. The addition of baseline pKAM did not sig-
niﬁcantly contribute to any of the 3 predictive models of change in pain
over 1 year. A follow-up time of 1 year may not have been long enough to
observe signiﬁcant and clinical changes in pain intensity in this sample.
Data froma larger sampleand follow-up timeare currentlybeingcollected,
whichmayprovidemore in-depth insight into theabilityof baselinepKAM
to predict longitudinal changes in knee pain severity. The baseline pKAM
had no value in predicting change in pain intensity over 1 year.
